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DOCUMENT-IDENTIFIER: US 6167478 A 

TITLE: Pipelined arbitration system and method 



CLAIMS: 

10. In a system having multiple requestors requesting a shared resource, wherein 
each requestor is assigned a unique service request priority number, a method of 
arbitrating access to the shared resource, comprising the steps of: 

generating a plurality of service request signals; 

combining the service request signals in first and second OR-trees to produce an 
OR-ed result; each of said first and second OR-trees adapted to receive a plurality 
of service request signals; 

performing an arbitration protocol on the OR-ed result to determine the requestor 
with the highest priority number; and 

issuing an access request signal to the shared resource. 

15. In a system having multiple requesters requesting a shared resource, wherein 
each requestor is assigned a unique service request priority number, a method of 
arbitrating access to the shared resource, comprising the steps of: 

generating a plurality of service request signals, ; 

combining the service request signals in first and second OR-trees to produce an 
OR-ed result; 

performing an arbitration protocol on the OR-ed result to determine the requestor 
with the highest priority number; and 

issuing an access request signal to the shared resource; 

wherein said unique service request priority number comprises a predetermined 
number of bits and further comprising the step of, for each service requester, 
selectively applying the bits of said service requestor's unique priority number to 
said first and second OR-trees; 

wherein each service request comprises an ITREE AND-gate and an UTREE AND-gate, and 
wherein said generating step comprises: 

applying the bits of said priority number to said ITREE gate and said UTREE gate; 
and 

responsive to said count signal, selectively enabling the bits of said priority 
number to said ITREE and said UTREE. 
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ART-UNIT: 271 

PRIMARY-EXAMINER: Auve; Glenn A. 
ASSISTANT-EXAMINER: Chung-Trans; X. 

ABSTRACT: 

An access control system (10) for controlling access to a shared resource among a 
plurality of service requestors is described. When a service requestor seeks access 
to the shared resource, it generates a service request signal which includes its 
assigned unique service request priority number. The outputs of all the service 
requesters are applied to pipelined first and second OR-trees (75, 78) which 
produce an OR-ed output signal. The OR-ed output signal is then applied to an 
access control unit (38) which performs an arbitration protocol to determine the 
highest priority number. Each service requester includes a state machine which 
selectively applies the bits of its priority number to the OR-trees (75, 78) . The 
use of pipelined protocol with two OR-trees (75, 78) reduces cycle consumption and 
permits arbitration within a single clock cycle. 

20 Claims, 4 Drawing figures 
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TITLE: First-come first-serve arbitration protocol 

Brief Summary Text (11): 

A third scheme, the parallel contention arbiter as described in the references 
cited above, is based on assigning each agent a unique fixed k-bit arbitration 
number called its "identity." The value of k is at least [log. sub. 2 (N+l)], where N 
is the maximum number of agents that can be attached to the bus. An agent that 
wants control of the bus forces a wired-OR shared bus request line, and waits for a 
signal to start arbitration . The signal to start arbitration may be generated by 
the current bus master, a central timing controller, or any agent on the bus. At 
the start of an arbitration, the agent applies its arbitration number to a separate 
parallel set of arbitration control lines provided on the bus for this purpose. The 
agent then monitors each of the arbitration lines, in parallel. If the value 
carried by line i is "1," but the agent is applying a "0" to it, then the agent 
removes the lower-order (i-1 to 0) bits of its identity. If line i drops back to 
"0/ " the agent reapplies the lower-order bits it removed before. For example, 
consider the case where two agents with identities 1010101 and 0011100, 
respectively, are requesting the bus . The first agent will remove its three lowest 
order bits, leaving 1010000, and the second agent will remove all of its bits. 
Next, the first agent will reapply its three lowest order bits, and the second 
agent will do nothing, since the most significant bit still remains. It is easy to 
see that after some period of time the system reaches steady state, in which the 
lines carry the largest identity of all competing agents. The agent whose 
arbitration number matches the winning number becomes the next bus master. Note 
that at the end of the arbitration, each agent knows the identity of the winner, as 
well as whether it has won or lost. The parallel contention arbiter thus described 
is a priority arbiter that is very fast but is also inherently unfair, since an 
agent with a higher identity will always win an arbitration against an agent with a 
lower identity, and thus higher priority agents will disproportionately control the 
bus . 
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OTHER PUBLICATIONS 

Gustavson, David B., "Computer Buses — A Tutorial," I EE Micro, Aug. 1984. 
Vernon and Manber, "Distributed Round-Robin and First-Come First-Serve Protocols 
and Their Application to Multiprocessor Bus Arbitration, " Computer Sciences 
Technical Report #745, Feb. 1988. 

ART-UNIT: 236 

PRIMARY -EXAMINER: Shaw; Gareth D. 
ASSISTANT-EXAMINER: Chavis; John Q. 
ATTY-AGENT-FIRM: Quarles & Brady 

ABSTRACT: 

A first-come first-serve arbitration protocol arbitrates between processing agents 
seeking access to a common bus. The system is an extension of a parallel contention 
arbiter in which each agent has an identity value made up of two portions, one a 
fixed portion and one a variable portion. The variable portion of each agent's 
identity is incremented depending on how long the agent has been waiting for access 
to the bus and the variable portion is the most significant portion of each agent's 
identity. Thus in each arbitration in which the highest identity value is awarded 
control of the bus, the agent which has waited the longest will gain access to the 
bus prior to those which have not waited as long. 

5 Claims, 3 Drawing figures 
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TITLE: Round-robin protocol method for arbitrating access to a shared bus 
arbitration providing preference to lower priority units after bus access by a 
higher priority unit 

Brief Summary Text (11): 

A third scheme, the parallel contention arbiter as described in the references 
cited above, is based on assigning each agent a unique fixed k-bit arbitration 
number called its "identity." The value of k is at least [log. sub. 2 (N+l)], where N 
is the maximum number of agents that can be attached to the bus. An agent that 
wants control of the bus forces a wired-OR shared bus request line, and waits for a 
signal to start arbitration . The signal to start arbitration may be generated by 
the current bus master, a central timing controller, or any agent on the bus. At 
the start of an arbitration, the agent applies its arbitration number to a separate 
parallel set of arbitration control lines provided on the bus for this purpose. The 
agent then monitors each of the arbitration lines, in parallel. If the value 
carried by line i is "1," but the agent is applying a "0" to it, then the agent 
removes the lower-order (i-1 to 0) bits of its identity. If line i drops back to 
"0, " the agent reapplies the lower-order bits it removed before. For example, 
consider the case where two agents with identities 1010101 and 0011100, 
respectively, are requesting the bus. The first agent will remove its three lowest 
order bits, leaving 1010000, and the second agent will remove all of its bits. 
Next, the first agent will reapply its three lowest order bits, and the second 
agent will do nothing, since the most significant bit still remains. It is easy to 
see that after some period of time the system reaches steady state, in which the 
lines carry the largest identity of all competing agents. The agent whose 
arbitration number matches the winning number becomes the next bus master. Note 
that at the end of the arbitration, each agent knows the identity of the winner, as 
well as whether it has won or lost. The parallel contention arbiter thus described 
is a priority arbiter that is very fast but is also inherently unfair, since an 
agent with a higher identity will always win an arbitration against an agent with a 
lower identity, and thus higher priority agents will disproportionately control the 
bus . 

Detailed Description Text ( 4 ) : 

The first, and probably simplest embodiment of the round-robin protocol requires an 
extra bit of shared information, that is one extra bit on the parallel arbitration 
bus 20. This bit is called the round-robin bit. The round-robin bit is treated as 
the most significant bit of each agent's identity. Each agent records the identity 
of the winning agent, i.e. the agent that gained control of the bus, at the end of 
every arbitration, excluding the round-robin priority bit. Thus only the unique 
static portion of the identity for the winning station is recorded. An agent 
asserts the shared bus request line and competes in the next arbitration whenever 
it desires control of the bus. When an agent competes in an arbitration, the agent 
sets its round-robin bit for its identity to "one" if its static identity value is 
less than the recorded static identity value of the winner of the previous 
arbitration. The logic needed to implement this protocol primarily consists of a 
register in each agent to store the winning identity, and a comparator in each 
agent to determine if the agent's assigned arbitration number is less than the 
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recorded value. Alternatively, a comparator and one bit of storage for the result 
may be used. The output of the comparator is used as the round-robin bit of the 
agent's arbitration number . Note that this logic replaces the logic required to 
implement the assured access protocols of prior art parallel contention arbiters. 
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ABSTRACT: 

A protocol is disclosed for the round-robin distributed arbitration of access to a 
common resource, such as a bus, in a multiprocessor system or machine. The protocol 
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assigns identity values to each agent, or processor, which are compared during each 
arbitration to determine which agent is awarded control of the bus. To enhance 
fairness agents having an identity value lower than the winner of the last 
arbitration are favored over agents having a higher identity value in the next 
subsequent arbitration. 

5 Claims, 3 Drawing figures 
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ABSTRACT: 

A protocol is disclosed for the round-robin distributed arbitration of access to a 
common resource, such as a bus, in a multiprocessor system or machine. The protocol 
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assigns identity values to each agent, or processor, which are compared during each 
arbitration to determine which agent is awarded control of the bus. To enhance 
fairness agents having an identity value lower than the winner of the last 
arbitration are favored over agents having a higher identity value in the next 
subsequent arbitration . 

5 Claims, 3 Drawing figures 
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TITLE: Pipelined arbitration system and method 



Abstract Text (1) : 

An access control system (10) for controlling access to a shared resource among a 
plurality of service requestors is described. When a service requestor seeks access 
to the shared resource, it generates a service request signal which includes its 
assigned unique service request priority number. The outputs of all the service 
requesters are applied to pipelined first and second OR-trees (75, 78) which 
produce an OR-ed output signal. The OR-ed output signal is then applied to an 
access control unit (38) which performs an arbitration protocol to determine the 
highest priority number . Each service requester includes a state machine which 
selectively applies the bits of its priority number to the OR-trees (75, 78) . The 
use of pipelined protocol with two OR-trees (75, 78) reduces cycle consumption and 
permits arbitration within a single clock cycle. 



10. In a system having multiple requestors requesting a shared resource, wherein 
each requestor is assigned a unique service request priority number, a method of 
arbitrating access to the shared resource, comprising the steps of: 

generating a plurality of service request signals; 

combining the service request signals in first and second OR-trees to produce an 
OR-ed result; each of said first and second OR-trees adapted to receive a plurality 
of service request signals; 

performing an arbitration protocol on the OR-ed result to determine the requestor 
with the highest priority number; and 

issuing an access request signal to the shared resource. 

15. In a system having multiple requesters requesting a shared resource, wherein 
each requestor is assigned a unique service request priority number, a method of 
arbitrating access to the shared resource, comprising the steps of: 

generating a plurality of service request signals, ; 

combining the service request signals in first and second OR-trees to produce an 
OR-ed result; 

performing an arbitration protocol on the OR-ed result to determine the requestor 
with the highest priority number; and 

issuing an access request signal to the shared resource; 

wherein said unique service request priority number comprises a predetermined 
number of bits and further comprising the step of, for each service requester, 
selectively applying the bits of said service requestor's unique priority number to 
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said first and second OR-trees; 

wherein each service request comprises an ITREE AND-gate and an UTREE AND-gate, and 
wherein said generating step comprises: 

applying the bits of said priority number to said ITREE gate and said UTREE gate; 
and 

responsive to said count signal, selectively enabling the bits of said priority 
number to said ITREE and said UTREE. 
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ART-UNIT : 271 

PRIMARY -EXAMINER : Auve; Glenn A. 
ASSISTANT-EXAMINER: Chung-Trans; X. 

ABSTRACT: 

An access control system (10) for controlling access to a shared resource among a 
plurality of service requestors is described. When a service requestor seeks access 
to the shared resource, it generates a service request signal which includes its 
assigned unique service request priority number . The outputs of all the service 
requesters are applied to pipelined first and second OR-trees (75, 78) which 
produce an OR-ed output signal. The OR-ed output signal is then applied to an 
access control unit (38) which performs an arbitration protocol to determine the 
highest priority number . Each service requester includes a state machine which 
selectively applies the bits of its priority number to the OR-trees (75, 78) . The 
use of pipelined protocol with two OR-trees (75, 78) reduces cycle consumption and 
permits arbitration within a single clock cycle. 

20 Claims, 4 Drawing figures 
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TITLE: Arbitration method and device for allocating a shared resource in a data 
processing system 

Abstract Text (1) : 

An arbitration method and device for a data processing system wherein N units share 
a common resource, to allocate the shared resource to a given unit selected from a 
number of units requesting access thereto. 

Abstract Text (2) : 

An age value is assigned to each unit and corresponds to the age of the request 
that will be made by the unit. During an arbitration cycle, a unit whose request 
will be serviced, if the shared resource becomes available, is selected, this unit 
being the one whose request has an age value corresponding to the oldest request. 
Then, the age value associated with each unit is updated when the resource is 
available, the age of the selected unit assuming a value corresponding to that of 
the most recent request, the ages of the units not selected that correspond to 
requests more recent than the one made by the selected unit being increased by a 
given quantity, and the ages of the units not selected that correspond to requests 
older than the one made by the selected unit remaining unchanged. 



1. An arbitration method for a data processing system wherein N units share a 
common resource, for allocating said resource to a selected unit, a request for 
access to said resource being made by each unit that desires to gain access 
thereto, and wherein a priority level is assigned to the requests and only those 
requests having the highest priority level being considered for selection, said 
method being characterized in that it includes the steps of: 

assigning an initial age value to each unit, each age value corresponding to the 
age of the request that will be made by the unit, and each age value being encoded 
by means of group and rank values, 

selecting during an arbitration cycle a unit whose request will be serviced if the 
shared resource is available, the selected unit being the one whose group and rank 
values correspond to the oldest request, and 

updating the age value associated with each unit when a request has been selected 
and the resource is available, with the age of the selected unit assuming a value 
corresponding to that of the most recent request, the ages of the units not 
selected that correspond to requests more recent than the one made by the selected 
unit being increased by a given quantity, and the ages of the units not selected 
that correspond to requests older than the one made by the selected unit remaining 
unchanged. 
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ART-UNIT: 237 

PRIMARY-EXAMINER: Heckler; Thomas M. 
ASSISTANT-EXAMINER: Mills; John G. 
ATTY-AGENT-FIRM: Cooper; D. Kendall 

ABSTRACT: 

An arbitration method and device for a data processing system wherein N units share 
a common resource, to allocate the shared resource to a given unit selected from a 
number of units requesting access thereto. 

An age value is assigned to each unit and corresponds to the age of the request 
that will be made by the unit. During an arbitration cycle, a unit whose request 
will be serviced, if the shared resource becomes available, is selected, this unit 
being the one whose request has an age value corresponding to the oldest request. 
Then, the age value associated with each unit is updated when the resource is 
available, the age of the selected unit assuming a value corresponding to that of 
the most recent request, the ages of the units not selected that correspond to 
requests more recent than the one made by the selected unit being increased by a 
given quantity, and the ages of the units not selected that correspond to requests 
older than the one made by the selected unit remaining unchanged. 

2 Claims, 14 Drawing figures 



h eb bgeeefc e g 



e ge 



22] t as I browser - (lb) J s ame (ticK. . . A | I ag: 5 | uoc: 2/ lb | r-ormat : k\ 



^ r 



US-PAT-NO: 

DOCUMENT-IDENTIFIER: 
TITLE: 



6167478 

US 6167478 A 

Pipelined arbitration system and method 



KWIC 



Claims Text - CLTX (23): 

10. In a system having multiple requestors requesting a shared resource, 
wherein each requestor is assigned a unique service request priority number, a 
method of arbitrating access to the shared resource, comprising the steps of: 

Claims Text - CLTX (32): 

15. In a system having multiple requesters requesting a shared resource, 
wherein each requestor is assigned a unique service request priority number, a 
method of arbitrating access to the shared resource, comprising the steps of: 
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TITLE: 



First-come first-serve arbitration protocol 



KWIC 



Brief Summary Text - BSTX (11): 

A third scheme, the parallel contention arbiter as described in the 
references cited above, is based on assigning each agent a unique fixed k-bit 
arbitration numbe r called its "identity." The value of k is at least [log. sub. 2 
(N+l) ] , where N is the maximum number of agents that can be attached to the 
bus. An agent that wants control of the bus forces a wired-OR shared bus 
request line, and waits for a signal to start arbitration . The signal to start 
arbitration may be generated by the current bus master, a central timing 
controller, or any agent on the bus. At the start of an arbitration, the agent 
applies its arbitration numbe r to a separate parallel set of arbitration 
control lines provided on the bus for this purpose. The agent then monitors 
each of the arbitration lines, in parallel. If the value carried by line i is 
"1, " but the agent is applying a "0" to it, then the agent removes the 
lower- order (i-1 to 0) bits of its identity. If line i drops back to "0, " the 
agent reapplies the lower- order bits it removed before. For example, consider 
the case where two agents with identities 1010101 and 0011100, respectively, 
are requesting the bus. The first agent will remove its three lowest order 
bits, leaving 1010000, and the second agent will remove all of its bits. Next, 
the first agent will reapply its three lowest order bits, and the second agent 
will do nothing, since the most significant bit still remains. It is easy to 
see that after some period of time the system reaches steady state, in which 
the lines carry the largest identity of all competing agents. The agent whose 
arbitration number matches the winning numbe r becomes the next bus master. 
Note that at the end of the arbitration, each agent knows the identity of the 
winner, as well as whether it has won or lost. The parallel contention arbiter 
thus described is a priority arbiter that is very fast but is also inherently 
unfair, since an agent with a higher identity will always win an arbitration 
against an agent with a lower identity, and thus higher priority agents will 
disproportionately control the bus. 
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TITLE: 



KWIC 



Round- robin protocol method for arbitrating access to a 
shared bus arbitration providing preference to lower 
priority units after bus access by a higher priority unit 



Brief Summary Text - BSTX (11) : 

A third scheme, the parallel contention arbiter as described in the 
references cited above, is based on assigning each agent a unique fixed k-bit 
arbitration numbe r called its "identity." The value of k is at least [log. sub. 2 
(N+l) ] , where N is the maximum number of agents that can be attached to the 
bus. An agent that wants control of the bus forces a wired-OR shared bus 
request line, and waits for a signal to start arbitration . The signal to start 
arbitration may be generated by the current bus master, a central timing 
controller, or any agent on the bus. At the start of an arbitration, the agent 
applies its arbitration numbe r to a separate parallel set of arbitration 
control lines provided on the bus for this purpose. The agent then monitors 
each of the arbitration lines, in parallel. If the value carried by line i is 
"1," but the agent is applying a "0" to it, then the agent removes the 
lower-order (i-1 to 0) bits of its identity. If line i drops back to "0," the 
agent reapplies the lower-order bits it removed before. For example, consider 
the case where two agents with identities 1010101 and 0011100, respectively, 
are requesting the bus. The first agent will remove its three lowest order 
bits, leaving 1010000, and the second agent will remove all of its bits. Next, 
the first agent will reapply its three lowest order bits, and the second agent 
will do nothing, since the most significant bit still remains. It is easy to 
see that after some period of time the system reaches steady state, in which 
the lines carry the largest identity of all competing agents. The agent whose 
arbitration numbe r matches the winning numbe r becomes the next bus master. 
Note that at the end of the arbitration, each agent knows the identity of the 
winner, as well as whether it has won or lost. The parallel contention arbiter 
thus described is a priority arbiter that is very fast but is also inherently 
unfair, since an agent with a higher identity will always win an arbitration 
against an agent with a lower identity, and thus higher priority agents will 
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DOCUMENT-IDENTIFIER: US 4734909 A 
TITLE: Versatile interconnection bus 



Brief Summary Text (283) : 

A third class of objects of the present invention is to provide a bused digital 
communication scheme and apparatus versatilely configurable in data widths, 
arbitration schemes, addressing and commanding schemes, transaction overlap 
( pipelining ) or pin multiplexing, and latencies 1 format as besuit the 
intercommunication requirements of those user devices being interconnected. In this 
manner the single, replicatable, logical structure of the preferred embodiment of 
the present invention may be easily configured, via the insertion of eight 
parameters into registers, in order that disparate user chips of disparate 
purposes, disparate operational function, and disparate capabilities may be 
communicably interconnected in consideration of the user chip types and the system 
function served . 

Detailed Description Text (221) : 

The largest impact of the Versatile Bus design rule in terms of chip complexity is 
probably the need to provide for assembly and disassembly of words of information 
whenever the Versatile Bus configuration uses fewer lines than exist on the chip . 
There are also differences in timing caused by configuration changes that may have 
subtle effects on chip operation if they are not accounted for properly. The 
preferred embodiment Versatile Bus Interface Logics chip design to be described 
supports all subsets of the 55255355 Versatile Bus configuration envelope, limited 
only by the rules for permitted Arbitration configuration parameters as shown in 
FIG. 20, the rule that the Data Lines parameter should be less than or equal to the 
data bits parameter, and some rules concerning allowable pin-multiplexed and 
pipelined configurations. 
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TITLE: Pipelined distributed bus arbitration system 



Abstract Text (1) : 

The present invention provides a scalable, modular and pipelined distributed bus 
arbitration system for efficiently resolving bus contention between sub-systems, 
e.g., processors, coupled to a common system bus. The arbitration system includes a 
plurality of distributed bus arbiters which receives the bus requests from the sub- 
systems and independently determine the next bus master. The arbitration protocol 
enables the arbitration process to be eliminated from the critical timing path 
thereby allowing the system to operate at the maximum system clock frequency 
possible for a given integrated circuit (IC ) technology to reduce overall system 
clock latencies. Any change among the sub-systems during an arbitration clock cycle 
is based on any system bus request (s) which are active during a clock cycle 
immediately preceding the arbitration clock cycle, and is independent of any system 
bus request (s) asserted during the arbitration clock cycle. In addition, the 
arbitration protocol treats a current bus master, i.e., the bus master driving the 
system bus, preferentially. Each arbitration task is completed within a system 
clock cycle regardless of processor speed. As a result, the arbitration latency for 
retaining the current bus master is one system clock cycle while the latency for 
selecting and switching bus masters is two system clock cycles. In this 
implementation, a last port driver is the only sub-system permitted to assert a bus 
request in a clock cycle and immediately drive the system bus in the next immediate 
clock cycle. Conversely, when a second sub-system which is not the last port driver 
needs to drive an inactive system bus, the second sub-system asserts its bus 
request line in a first clock cycle, and arbitration occurs within all the 
respective bus arbiters occurs in a second clock cycle. 
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TITLE: Round-robin protocol method for arbitrating access to a shared bus 
arbitration providing preference to lower priority units after bus access by a 
higher priority unit 



Brief Summary Text (11): 

A third scheme, the parallel contention arbiter as described in the references 
cited above, is based on assigning each agent a unique fixed k-bit arbitration 
number called its "identity." The value of k is at least [log. sub. 2 (N+l)], where N 
is the maximum number of agents that can be attached to the bus. An agent that 
wants control of the bus forces a wired-OR shared bus request line, and waits for a 
signal to start arbitration. The signal to start arbitration may be generated by 
the current bus master, a central timing controller, or any agent on the bus. At 
the start of an arbitration, the agent applies its arbitration number to a separate 
parallel set of arbitration control lines provided on the bus for this purpose. The 
agent then monitors each of the arbitration lines, in parallel. If the value 
carried by line i is "1," but the agent is applying a "0" to it, then the agent 
removes the lower-order (i-1 to 0) bits of its identity. If line i drops back to 
"0," the agent reapplies the lower-order bits it removed before. For example, 
consider the case where two agents with identities 1010101 and 0011100, 
respectively, are requesting the bus. The first agent will remove its three lowest 
order bits, leaving 1010000, and the second agent will remove all of its bits. 
Next, the first agent will reapply its three lowest order bits, and the second 
agent will do nothing, since the most significant bit still remains. It is easy to 
see that after some period of time the system reaches steady state, in which the 
lines carry the largest identity of all competing agents. The agent whose 
arbitration number matches the winning number becomes the next bus master. Note 
that at the end of the arbitration, each agent knows the identity of the winner, as 
well as whether it has won or lost. The parallel contention arbiter thus described 
is a priority arbiter that is very fast but is also inherently unfair, since an 
agent with a higher identity will always win an arbitration against an agent with a 
lower identity, and thus higher priority agents will disproportionately control the 
bus . 

Detailed Description Text (2) : 

The arbitration protocol of the present invention may be characterized as a 
distributed round-robin protocol that is an extension or improvement of priority 
arbiters such as the parallel contention arbiter described above. As in a parallel 
contention arbitration scheme, there are a series of agents 12 competing for a 
resource such as a bus 14. A shared wired-OR bus request line 16 is connected to 
each agent 12 as well as control lines 18 for starting an arbitration. A parallel 
arbitration bus 20 of k . gtoreq . [ log . sub . 2 (N+l)] is required for N agents, and the 
agents 12 are also connected in wired-OR logic to the arbitration bus 20. This 
arbitration protocol makes use of fixed assigned identity values for each agent. 
The initial arbitration is similar to the parallel contention arbiter described 
above. After one arbitration, however, the present protocol proceeds somewhat 
differently. If the first arbitration is won by agent with identity j , then in the 
next arbitration all agents with assigned identity values less than j, i.e. 1 
through j-1, will be given priority over all agents having assigned identity values 
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greater than or equal to, i.e. j. through N. This protocol is based on a finding 
that if the fixed priority protocol is altered to permit the granting of special 
status, for one arbitration, of agents which have lower assigned values- than the 
winner of the prior arbitration, then the overall distribution of bus access among 
the agents becomes perfectly fair. 

Detailed Description Text ( 4 ) : 

The first, and probably simplest embodiment of the round-robin protocol requires an 
extra bit of shared information, that is one extra bit on the parallel arbitration 
bus 20. This bit is called the round-robin bit. The round-robin bit is treated as 
the most significant bit of each agent's identity. Each agent records the identity 
of the winning agent, i.e. the agent that gained control of the bus, at the end of 
every arbitration, excluding the round-robin priority bit. Thus only the unique 
static portion of the identity for the winning station is recorded. An agent 
asserts the shared bus request line and competes in the next arbitration whenever 
it desires control of the bus. When an agent competes in an arbitration, the agent 
sets its round-robin bit for its identity to "one" if its static identity value is 
less than the recorded static identity value of the winner of the previous 
arbitration. The logic needed to implement this protocol primarily consists of a 
register in each agent to store the winning identity, and a comparator in each 
agent to determine if the agent's assigned arbitration number is less than the 
recorded value . Alternatively, a comparator and one bit of storage for the result 
may be used. The output of the comparator is used as the round-robin bit of the 
agent's arbitration number . Note that this logic replaces the logic required to 
implement the assured access protocols of prior art parallel contention arbiters . 
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A protocol is disclosed for the round-robin distributed arbitration of access to a 
common resource, such as a bus, in a multiprocessor system or machine. The protocol 
assigns identity values to each agent, or processor, which are compared during each 
arbitration to determine which agent is awarded control of the bus. To enhance 
fairness agents having an identity value lower than the winner of the last 
arbitration are favored over agents having a higher identity value in the next 
subsequent arbitration. 

5 Claims, 3 Drawing figures 
Exemplary Claim Number: 1 
Number of Drawing Sheets: 3 
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TITLE: Tri-statable bus with apparatus to drive bus line to first level and then 
second level for predetermined time before turning off 

Detailed Description Text (5) : 

The present invention also comprises a controller / arbiter 14 which is coupled to 
the bus 10. As will be described more fully below, the controller 14 performs 
various functions including controlling and allocating access to the bus 10 among 
the various agents. The controller does this by asserting a bus grant signal over 
the bus grant line 49. Each agent coupled to the bus has a unique bus request, bus 
select and bus grant lines coupled between the controller /arbiter 14 and the 
particular agent. When an agent requires control of the bus, it asserts a signal 
over its bus request line 49. The controller 14 receives all such requests, 
prioritizes and stores them, waits until the bus is idle and asserts a bus grant 
signal over the bus grant line 49 to one of the requesting devices. In the 
preferred embodiment, the controller uses a round robin priority arbitration 
scheme. It will be apparent to these skilled in the art, however, that different 
arbitration schemes can be used as a matter of design choice. For example, the 
controller 14 could assign bus grants on a first-requested, first-granted basis. 
Alternatively, each agent could be assigned a unique priority number and the 
controller 14 could assign bus grants to the requesting agent with the highest 
priority . The controller also prevents the occurrence of deadlock conditions which 
arise when two or more agents seek access to the bus 10 at the same time. This 
accomplished through the use of a "rerun" protocol which is described below. 
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TITLE: Tri-statable bus with apparatus to drive bus line to first level and then 
second level for predetermined time before turning off 

Detailed Description Text (5) : 

The present invention also comprises a controller /arbiter 14 which is coupled to 
the bus 10. As will be described more fully below, the controller 14 performs 
various functions including controlling and allocating access to the bus 10 among 
the various agents. The controller does this by asserting a bus grant signal over 
the bus grant line 49. Each agent coupled to the bus has a unique bus request, bus 
select and bus grant lines coupled between the controller /arbiter 14 and the 
particular agent. When an agent requires control of the bus, it asserts a signal 
over its bus request line 49. The controller 14 receives all such requests, 
prioritizes and stores them, waits until the bus is idle and asserts a bus grant 
signal over the bus grant line 4 9 to one of the requesting devices. In the 
preferred embodiment, the controller uses a round robin priority arbitration 
scheme. It will be apparent to these skilled in the art, however, that different 
arbitration schemes can be used as a matter of design choice. For example, the 
controller 14 could assign bus grants on a first-requested, first-granted basis. 
Alternatively, each agent could be assigned a unique priority number and the 
controller 14 could assign bus grants to the requesting agent with the highest 
priority . The controller also prevents the occurrence of deadlock conditions which 
arise when two or more agents seek access to the bus 10 at the same time. This 
accomplished through the use of a "rerun" protocol which is described below. 
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An improved high speed data transfer bus with virtual memory capability is 
disclosed. The bus has particular applications in computer systems which employ 
peripheral devices. The bus allows high speed data transfer through the use of a 
virtual memory scheme. Moreover, the present invention minimizes the number of 
lines required to implement the bus. The present invention also minimizes the 
amount of time a particular device is required to wait before it can access the bus 
and complete a data transfer. Moreover, the present invention employs control 
signals that are driven both active and inactive, facilitating interfacing the bus 
to low-power CMOS technology. 

14 Claims, 13 Drawing figures 
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TITLE: First-come first-serve arbitration protocol 

Brief Summary Text (11) : 

A third scheme, the parallel contention arbiter as described in the references 
cited above, is based on assigning each agent a unique fixed k-bit arbitration 
number called its "identity." The value of k is at least [log. sub. 2 (N+l)], where N 
is the maximum number of agents that can be attached to the bus. An agent that 
wants control of the bus forces a wired-OR shared bus request line, and waits for a 
signal to start arbitration. The signal to start arbitration may be generated by 
the current bus master, a central timing controller, or any agent on the bus. At 
the start of an arbitration, the agent applies its arbitration number to a separate 
parallel set of arbitration control lines provided on the bus for this purpose. The 
agent then monitors each of the arbitration lines, in parallel. If the value 
carried by line i is "1," but the agent is applying a "0" to it, then the agent 
removes the lower-order (i-1 to 0) bits of its identity. If line i drops back to 
"0," the agent reapplies the lower-order bits it removed before. For example, 
consider the case where two agents with identities 1010101 and 0011100, 
respectively, are requesting the bus. The first agent will remove its three lowest 
order bits, leaving 1010000, and the second agent will remove all of its bits. 
Next, the first agent will reapply its three lowest order bits, and the second 
agent will do nothing, since the most significant bit still remains. It is easy to 
see that after some period of time the system reaches steady state, in which the 
lines carry the largest identity of all competing agents. The agent whose 
arbitration number matches the winning number becomes the next bus master. Note 
that at the end of the arbitration, each agent knows the identity of the winner, as 
well as whether it has won or lost. The parallel contention arbiter thus described 
is a priority arbiter that is very fast but is also inherently unfair, since an 
agent with a higher identity will always win an arbitration against an agent with a 
lower identity, and thus higher priority agents will disproportionately control the 
bus . 
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ART-UNIT: 236 
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ABSTRACT: 

A first-come first-serve arbitration protocol arbitrates between processing agents 
seeking access to a common bus. The system is an extension of a parallel contention 
arbiter in which each agent has an identity value made up of two portions, one a 
fixed portion and one a variable portion. The variable portion of each agent's 
identity is incremented depending on how long the agent has been waiting for access 
to the bus and the variable portion is the most significant portion of each agent's 
identity. Thus in each arbitration in which the highest identity value is awarded 
control of the bus, the agent which has waited the longest will gain access to the 
bus prior to those which have not waited as long. 
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TITLE: Fair data bus arbitration system which assigns adjustable priority values to 
competing sources 

Abstract Text (1) : 

A scheme for arbitrating access to a data bus shared among a plurality of competing 
sources is provided. Each competing source is assigned an adjustable priority 
weighting value (PWV) which is initially set to an initial value based on the 
bandwidth requirements of the competing source. During arbitration, the PWVs of 
those competing sources requesting access to the bus are compared, and the 
competing source with the smallest PWV is granted access. The PWV of the competing 
source which was granted access to the bus is reset to its initial value and the 
PWV of each competing source which requested, but was denied, access is reduced by 
one for subsequent comparisons. The arbitration scheme of the present invention is 
further applied to two-level arbitration. Each competing source is classified into 
a competing source group, and the requests from the grouped competing sources are 
processed by first level arbitration. First level arbitration passes one competing 
source for each group to a second level arbiter . The second level arbiter compares 
the PWVs of the competing sources resulting from first level arbitration to 
determine the competing source with the smallest PWV, and adjusts the PWVs after 
access to the bus has been granted. 

Brief Summary Text (8) : 

Schemes such as round robin arbitration and first-come first-serve, although fair 
and relatively easy to implement, may result in unacceptable delays in granting 
access requests from these high priority sources. Accordingly, arbiters which favor 
efficiency over fairness often utilize a prioritization scheme in which sources are 
assigned relative priority values that are compared to determine which source gains 
access to the bus. 

Brief Summary Text (18) : 

The present invention further provides a fair and efficient arbitration protocol 
which requires reduced circuit size to compare the priority values of the competing 
sources which have requested access to the shared data bus. This reduced circuit 
size is achieved by using a multi-level arbitration scheme. Initially, competing 
sources are classified into competing source groups based on their bandwidth 
requirements so that competing sources having the same, or similar, bandwidth 
requirements are assigned to the same group. Each competing source group is 
assigned to a first level arbiter which may utilize conventional arbitration 
schemes such as round robin arbitration or first-come first-serve. During the first 
level of arbitration, each first level arbiter selects one competing source and 
sends a selected request signal to a second level arbiter . 

Detailed Description Text (10) : 

The two-level arbitration system illustrated in FIG. 6 operates as follows. Arbiter 
20 assigns each competing source CS.sub.i an initial value of PWV in accordance 
with formula (1). Each competing source CS.sub.i is classified in a competing 
source group based on the initial value of PWV so that competing sources having the 
same, or similar, bandwidth requirements are classified in the same group. The 
adjustable PWVs are stored in PWV registers 48, 49, 52, 53, 56, and 57. Each 
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competing source sends access requests to a corresponding first level arbiter . For 
example, access requests from the competing sources in group #1 are sent to group 
#1 arbiter 42. The first level arbiters 42, 44, and 46 each select one competing 
source from their corresponding groups based on, for example, round robin 
arbitration. The results of the first level arbitration are sent to second level 
arbiter 20 through request lines 24, 25, and 26. Second level arbiter compares the 
PWVs of the competing sources selected by the first level arbiters 42, 44, and 4 6, 
and grants access to the competing source with the smallest PWV. This result is 
output on grant bus 29 and the PWV for each CS.sub.i which requested access to the 
data bus is adjusted through PWV update control line 28 in a manner previously 
discussed (i.e., the PWV of the winning competing source is reset to its initial 
value and the PWV of each competing source which was denied access is reduced by 
one) . It can be seen from FIG. 6 that the number of comparisons performed by second 
level arbiter 20 to determine the smallest PWV is less than the number of 
prioritized competing sources which requested access to the bus because the first 
level arbiters 42, 44, and 4 6 output only one access request from a group of 
competing sources. This two level system thus reduces circuit size for priority 
value comparison. 
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ABSTRACT: 

A scheme for arbitrating access to a data bus shared among a plurality of competing 
sources is provided. Each competing source is assigned an adjustable priority 
weighting value (PWV) which is initially set to an initial value based on the 
bandwidth requirements of the competing source. During arbitration, the PWVs of 
those competing sources requesting access to the bus are compared, and the 
competing source with the smallest PWV is granted access. The PWV of the competing 
source which was granted access to the bus is reset to its initial value and the 
PWV of each competing source which requested, but was denied, access is reduced by 
one for subsequent comparisons. The arbitration scheme of the present invention is 
further applied to two-level arbitration. Each competing source is classified into 
a competing source group, and the requests from the grouped competing sources are 
processed by first level arbitration. First level arbitration passes one competing 
source for each group to a second level arbiter . The second level arbiter compares 
the PWVs of the competing sources resulting from first level arbitration to 
determine the competing source with the smallest PWV, and adjusts the PWVs after 
access to the bus has been granted. 

16 Claims, 8 Drawing figures 
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